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According to data from the World Health Organization (WHO), vitamin D deficiency is a global issue, leading to
numerous adverse health outcomes in many countries around the world. Studies show that vitamin D deficiency
among pregnant women ranges from 26% to 98%, with over 66% of women having insufficient levels of this vitamin.
During pregnancy, the risk of vitamin D deficiency increases due to the elevated needs of both the mother’s and
fetus's bodies. Vitamin D is a fat-soluble substance and a prohormone that regulates the immune system, affecting
both innate and adaptive immunity. It is an essential nutrient for skeletal growth and maintenance, cellular prolifera-
tion and differentiation, as well as immune function. It is well-known that the vitamin D regulatory system is involved
in many non-classical biological processes. Vitamin D plays a crucial role in placentation processes, immune adapta-
tion of the mother's body, endothelial function, and angiogenic balance. This makes it particularly important in the
context of the development of various diseases, including the genesis of preeclampsia. All this underscores the ne-
cessity of revisiting contemporary consensus documents regarding the role of vitamin D in the onset of preeclampsia.

Key words: vitamin D, vitamin D deficiency, preeclampsia, placenta, immune system, endothelial function, angio-

genic balance, literature review.

Connection of the publication with planned
research work.

The study is performed like a part of a science
program of department of obstetrics and gynecology Ne1
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and restoration of women’s reproductive health in
conditions of rapid medical and social changes”, state
registration number 0123U100920.

Introduction.

According to data from the World Health Organization
(WHO), vitamin D deficiency is a global problem that
causes numerous negative health consequences in
many countries worldwide. The sources of vitamin D
are limited to a small number of foods. Cod liver oil not
only provides an adequate amount of vitamin D but
is also a valuable source of vitamin A and fatty acids.
Additionally, eggs and their yolks, mushrooms, and
liver are recognized sources of this essential nutrient.
However, it is important to emphasize that sunlight
remains the primary source of vitamin D, providing 90%
of the body’s daily requirement for this vitamin [1]. It
is crucial that people choose the right foods to ensure
sufficient intake of vitamin D for optimal health.

There is a significant prevalence of vitamin D
deficiency (VDD) among pregnant women and infants
globally. Women with low sun exposure, high body mass
index (BMI), low vitamin D intake, and socio-economic
challenges associated with poor nutrition are at the
greatest risk of vitamin D deficiency (VDD). This results in
very low concentrations of 25-hydroxyvitamin D (25(OH)
D) in their children and an increased risk of developing
nutritional rickets [2].

Factors influencing the concentration of 25(0OH)D in
pregnant women [3,4] include:

e Skin pigmentation: People with darker skin have
higher amounts of melanin, which reduces the skin’s
ability to synthesize vitamin D under ultraviolet (UV) ra-
diation.

e UV exposure: Vitamin D is synthesized in the skin
under the influence of UV rays. Insufficient sun expo-

sure, especially during winter months, can lead to vita-
min D deficiency.

e Total skin coverage for religious or cultural reasons:
Wearing clothing that fully covers the body limits sun ex-
posure and decreases vitamin D synthesis.

e Social deprivation: Social deprivation may affect vi-
tamin D levels due to dietary limitations, insufficient sun
exposure, and limited access to healthcare.

The average prevalence of vitamin D deficiency
among pregnant women and newborns is 54% and 75%,
respectively, and in the postpartum period — 63% [5-7].

During pregnancy, significant changes occur in the
maternal body, including those related to vitamin D
metabolism. The production of 1,25(0OH),Ds; in the
kidneys increases, and its serum levels in women in the
third trimester of pregnancy are twice as high as in non-
pregnant women. There is transplacental transport of
calcium and other elements from the mother to the fetus.
The levels of total calcium, ionized calcium, magnesium,
and phosphorus in the fetus exceed their levels in the
maternal blood [8]. Uniquely to pregnancy, circulating
1,25-dihydroxyvitamin D (1,25[0OH],D) increases early
on to concentrations that are 2-3 times higher than
pre-pregnancy levels. Immediately after childbirth, its
concentration in the mother returns to baseline values.
The vitamin D content in breast milk is directly related to
the mother’s vitamin D status [9, 10].

It has been established that maternal 25(OH)D is
transported through the placenta to the fetus, where,
despite having lower metabolic activity compared to
1,25(0H),D;, it regulates fetal skeletal system formation,
the development of the endothelium, lymphocytes,
skin, dendritic cells, and vascular smooth muscles [11,
12]. The level of 25(0OH)D in umbilical cord blood closely
correlates with its concentration in maternal blood,
confirming the placenta’s permeability for this vitamin.

VitaminDplaysacrucialroleinplacentation processes,
maternal immune adaptation, endothelial function, and
angiogenic balance. This makes it particularly important
in the context of the development of many diseases,
especially in the genesis of preeclampsia.
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The aim of the study.

To conduct a review of updated literature data on the
role of vitamin D in the pathogenesis of preeclampsia.

Object and research methods.

A literature search and analysis were performed
using the National Scientific Medical Library of Ukraine,
the electronic medical publication databases «PubMed,»
«Google Scholar,» «Web of Science,» and other
reputable medical literature databases accessed via
the Google search engine. Publications from the period
between 2019 and August 2024 were included in the
analysis. The inclusion criteria were: «Preeclampsia,»
«Placentation and Vitamin D,» «Placentation and
Preeclampsia,» «Immunity and Vitamin D,» «Immunity
and Preeclampsia,» «Endothelial Function and Vitamin
D,» and «Endothelial Dysfunction and Preeclampsia.»
Duplicates and irrelevant articles were excluded from the
study. The effective effect model and the DerSimonian-
Laird method were used to substantiate the research
data.

Main part.

Mechanisms of Preeclampsia Development are being
actively researched worldwide. Over 30 hypotheses have
been described, most of which emphasize placentation
disorders as a critical factor. Knowledge about the
pathophysiology of preeclampsia continues to evolve.
Preeclampsia is a complex and multifaceted syndrome
with several potential pathways of development. It is a
systemic condition characterized by global endothelial
dysfunction and multi-organ failure, affecting both
maternal and fetal health.

Today, the two-stage model of preeclampsia
development, proposed by Redman in 1991, is
widely accepted and remains a central dogma in
the pathophysiology of preeclampsia. The first stage
(placental) is associated with placentation abnormalities
due to inadequate trophoblast invasion into the spiral
arteries, leading to reduced placental perfusion. The
second stage (clinical, maternal) critically depends
on the first: it is characterized by the development of
a series of biological processes triggered by placental
ischemia, resulting in acute maternal syndrome with
systemic multi-organ pathology. Despite the detailed
description of this two-stage model 30 years ago,
there is still a need to reassess the available evidence
regarding numerous factors explaining the critical stages
of disease progression. These factors include angiogenic
and antiangiogenic factors (vascular endothelial growth
factor VEGF, placental growth factor PIGF, soluble fms-like
tyrosine kinase 1 sFlt-1, soluble endoglin sEng), hypoxia-
inducible factor 1a (HIF-1a), syncytiotrophoblast
microparticles (STBM), autoantibodies to angiotensin
Il type 1 receptor (AT1-AA), oxidative stress, and
endoplasmic reticulum stress caused by protein
misfolding. Early-onset preeclampsia is often caused by
placentation disorders, while late-onset preeclampsia
may be associated with placental aging and maternal
genetic predisposition to cardiovascular and metabolic
diseases [13-17].

The pathophysiology of this pregnancy-related
disorder remains largely unresolved, as fully
understanding its mechanisms and etiology is a complex
task. However, several key factors are implicated, such
as abnormal placental development, oxidative stress,
immune dysfunction, and angiogenic imbalances.

Placental analysis from women with preeclampsia
often reveals arterial sclerosis, leading to inadequate
perfusion and subsequent ischemia [18].

During preeclampsia, abnormal vascular responses
to placentation result in placental hypoxia, which
contributes to placental insufficiency. In contrast,
normal early pregnancy is characterized by low oxygen
levels, promoting the production of the angiogenic
factor HIF-1a. Hypoxic conditions in normal pregnancy
are regulated by 2-methoxyestradiol, which blocks HIF-
la expression. In preeclampsia cases, hypoxia leads to
increased production of HIF-1a and sFlt-1, which in turn
causes endothelial dysfunction [19].

Based on international literature analysis, several
conclusions can be drawn. First, despite numerous
studies, a unified view of the molecular mechanisms
of preeclampsia (PE) etiopathogenesis has not been
reached. Second, key roles in the development of this
pregnancy complication include placentation processes,
maternal immune maladaptation,  endothelial
dysfunction, and angiogenic imbalances; however,
their roles differ significantly between early and late
PE. Third, over 130 different risk factors for PE have
been identified (family history of preeclampsia, chronic
hypertension, type 2 diabetes, renal insufficiency,
hereditary thrombophilia, etc.), but the available
data are often ambiguous and vary depending on the
population studied. Thus, the existing contradictions
and lack of consensus on individual biological processes
involved in PE development necessitate further research
into this pregnancy complication [20-23].

This highlights the importance of understanding,
diagnosing, and effectively detecting vitamin D deficiency
as a factor in the pathogenesis of hypertensive disorders
during pregnancy to ensure the well-being of both
mothers and their infants.

A total of 49 clinical studies were reviewed, of which
28 were conducted using a case-control method, and 21
were cohort studies. The research was conducted in Iran,
China, Ukraine, Romania, Pakistan, the Netherlands,
Congo, Ghana, the USA, Australia, France, the UK,
Denmark, and India.

All included studies, except for one, showed an
association between vitamin D levels and preeclampsia.
Only the study by Abbasalizadeh S et al. (2020) did
not find a link between vitamin D deficiency and
preeclampsia. However, calcium deficiency may increase
the risk of preeclampsia by 8.5 times [24].

In the cohort study by Raia-Barjat T et al. (2021),
maternal blood concentrations of 25(OH)D were
measured at five different pregnancy periods: 20, 24,
28, 32, and 36 weeks. The results showed that 43%
of participants who developed preeclampsia had
insufficient vitamin D levels during pregnancy [25].
Kelly CB et al. (2020) studied the bioavailability and
concentrations of 25-hydroxyvitamin D (25(OH)D),
1,25-dihydroxyvitamin D (1,25(0H),D), and vitamin D
binding protein (VDBP) in plasma at approximately 12,
22, and 32 weeks of pregnancy. They found elevated
concentrations of 1,25(0H),D and decreased levels
of VDBP in the third trimester in women who later
developed preeclampsia [26]. Several researchers
suggest that vitamin D concentration may be a new
marker of preeclampsia risk and may be associated with
its pathogenesis [27-29].
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In a three-year study by Benachi A et al. (2020)
involving participants from Belgium and France,
no correlation between hypovitaminosis D and
preeclampsia was found in the first trimester. However,
women with sufficient vitamin D levels had a significantly
lower risk of developing preeclampsia [18]. Hu KL et al.
(2022) analyzed 25,530 pregnant women and, in a case-
control study, found that vitamin D deficiency in early
and mid-pregnancy may contribute to preeclampsia
development [30]. Dahma G et al. (2022) found that at
32 weeks of pregnancy, a lack of vitamin D may lead to
placental hypertension or preeclampsia [31]. Razaghi
M et al. (2020) examined the relationship between
maternal serum 25-hydroxyvitamin D levels and cord
blood in newborns. The findings showed that maternal
vitamin D status positively correlates with neonatal
vitamin D status [32].

Thorsen SU et al. (2021) studied the role of regulatory
T-cells (Treg), important for a balanced immune system.
The study was conducted between 28-32 weeks of
pregnancy in maternal and cord blood. A positive
correlation between 25(OH)Ds; levels in cord blood
and aTreg levels was found, concluding that 25(0OH)Ds;
concentrations may influence the child’s immunity [33].

Maugeri A et al. (2019) found that adequate
maternal vitamin D levels positively affect pregnancy
duration, fetal birth weight, growth, and newborn head
circumference [34]. Low vitamin D levels may play a role
in the development of preeclampsia and eclampsia, and
supplementation may help prevent or reduce their risk
[35]. Vivanti A et al. (2020) showed that preeclampsia
risk was associated with maternal serum 25(OH)D
concentrations > 30 ng/mL [8].

Another study aimed to determine the link between
preeclampsia and diet, confirming a relationship over five
years of follow-up. The dosage of dietary supplements
varied across studies, ranging from 400 IU to 300,000 IU
per day [36]. A total of 440 participants were examined
from March 2016 to June 2019. Nutritional information
was obtained through a 78-item questionnaire. Serum
25(0OH)D, and 25(0OH)Ds; concentrations were measured
using liquid chromatography. Researchers confirmed
the hypothesis that with proper nutrition and quality,
preeclampsia does not occur.

Rouhani P et al. (2023) found that among 73,626
participants, each 10 ng/mL increase in circulating
25(0OH)D concentration resulted in a 14% reduction in
preeclampsia rates [37]. In a study by Harreiter J et al.
(2022), covering 154 participants from seven European
countries between 2012 and 2015, it was concluded
that vitamin D significantly increased its levels in both
mothers and newborns [38].

Preeclampsia is usually defined as a systemic
syndrome characterized by hypertension and
proteinuria that occurs during pregnancy. Early
preeclampsia is considered to develop before the 34th
week of pregnancy. Impaired extravillous trophoblast
(EVT) invasion into the decidua and spiral arteries are
key features of this condition. Recent data suggest that
calcitriol and calcidiol significantly enhance EVT invasion
in vitro. Furthermore, vitamin D deficiency disrupts the
function of placental vascular endothelium and affects
the expression of the vitamin D receptor (VDR) in the
placental endothelium.

It is known that 25(OH)D is transported across
the placenta to the fetus, where it regulates fetal
skeletal system formation, endothelial development,
lymphocytes, skin, dendritic cells, and vascular smooth
muscle cells. The level of 25(0OH)D in cord blood
correlates with its concentration in maternal blood,
indicating placental permeability for this metabolite [11,
12, 28].

Ashley B et al. (2022) investigated the mechanisms
of 25(0OH)Ds absorption in the placenta, along with its
metabolites 24,25(0H),Ds; and 1,25(0OH),Ds, in both the
fetus and pregnant women. Key mediators of 25(OH)
Ds absorption, such as CYP27B1, CYP24A1, and VDR,
were examined throughout pregnancy [39]. Kelly CB
et al. (2020) studied the concentrations of 25(OH)D,
1,25(0H);D, and vitamin D-binding protein (VDBP) in
plasma during different pregnancy stages in women
with type 1 diabetes, finding a reduction in VDBP levels
in the third trimester in women who later developed
preeclampsia [26].

Genetic and epigenetic factors also influence vitamin
D concentrations in the placenta. Previous studies have
shown that DNA methylation, particularly of CYP24A1,
plays a significant role. Syncytial trophoblasts express
active CYP27B1, VDR, VDBP, and other components
involved in vitamin D metabolism [39, 40].

Reddy et al. (2022) examined placental, fetal, and
maternal cardiovascular markers in preeclampsia,
finding that sFIt-1/PIGF ratios and estimated fetal weight
were effective markers [41]. Additionally, Suresh S et al.
(2023) confirmed the effectiveness of the sFlt-1/PIGF
ratio in predicting pregnancy complications [42]. Bai K
et al. (2021) explored exosomes as potential biomarkers
for pregnancy diagnosis, noting that exosomes appearin
maternal blood as early as six days after conception and
increase in number throughout gestation [43].

Vitamin D plays a vital role in physiological processes,
including the modulation of oxidative stress, a critical
factor in the development of hypertensive conditions
[44].

Vitamin D has a vasoprotective effect, and its
deficiency leads to endothelial dysfunction (ED). The
main features of ED include reduced bioavailability of
nitric oxide (NO), a potent endothelium-dependent
vasodilator, which contributes to early atherosclerosis
development. In endothelial cells, vitamin D regulates
NO synthesis by activating endothelial NO synthase
(eNOS). Increased reactive oxygen species (ROS)
activity contributes to oxidative stress, which inhibits
NO synthesis and reduces its bioavailability. Vitamin D
protects cells from the activity of NADPH oxidase, which
generates ROS, and enhances antioxidant activity by
stimulating enzymes such as superoxide dismutase. Pro-
inflammatory mediators, like TNF-a and IL-6, which are
risk factors for ED, stimulate NO and eNOS activity while
promoting the expression of atherosclerotic factors via
the NF-kB pathway. Vitamin D inhibits pro-inflammatory
activity by blocking NF-kB signaling and reducing pro-
inflammatory cytokine production [45]. Regular vitamin
D intake is crucial for maintaining NO bioavailability and
endothelial function.

In pathophysiological conditions, reactive oxygen
species (ROS) such as superoxide anion (02-),
hydrogen peroxide (H202), hydroxyl radical (¢OH), and
peroxynitrite (ONOO-) disrupt antioxidant defenses,
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leading to oxidative stress and the development
of endothelial dysfunction. ROS are produced by
mitochondria, NADPH oxidase, xanthine oxidase, and
uncoupled eNOS. Vitamin D promotes antioxidant
effects by increasing the expression of enzymes such as
superoxide dismutase, glutathione peroxidase, catalase,
ascorbic acid, o-tocopherol, and glutathione [46].
Additionally, vitamin D activates genetic pathways via
the nuclear respiratory factor 2 (Nrf2), which regulates
the expression of antioxidant enzymes and reduces ROS
production.

Feenstra et al. (2023) argue that oxidative stress
in fetal growth restriction is more closely related to
concurrent preeclampsia than to fetal growth restriction
itself [47].

Researchers from Mexico, including Perichart-Perera
et al. (2021), developed an integrative artificial neural
network model to predict intrauterine growth restriction
based on maternal indicators such as body mass index,
fat mass, pregnancy weight gain, and biochemical and
oxidant-antioxidant status in the first trimester. The
model demonstrated 86% accuracy [48].

Vitamin D also influences early placentation by
playing an immunomodulatory role in maternal-fetal
interactions. Dysregulation of T-helper cell functions
can lead to both systemic and local changes, promoting
the development of preeclampsia [49]. Imbalanced
regulation of T-helper subgroups, such as Th1, Th2, Th17,
and Tregs, alters the cytokine environment, triggering
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inflammatory responses and potentially contributing
to the development of hypertension and preeclampsia.
At the local level, during placentation, such imbalances
disrupt trophoblast infiltration and the functioning of
endothelial cells.

Elevated glucocorticoid levels also contribute to
preeclampsia development, manifesting in impaired
spiral artery remodeling and increased levels of sFltl,
skng, IL-1B, and TNFa in the blood [50]. Abnormal
mitochondrial morphology and dysfunction in the
placenta lead to cellular damage.

Conclusions.

While research findings on the relationship between
vitamin D levels and preeclampsia are not yet conclusive,
growing evidence suggests that vitamin D deficiency
increases the risk of adverse pregnancy outcomes, such
as impaired placentation processes, immune adaptation,
endothelial dysfunction, and angiogenic imbalance.
Vitamin D supplementation during pregnancy may be a
safe and accessible way to reduce these risks for both
mother and child.

The prospects for further research.

Research on the role of vitamin D in preeclampsia
development open up broad opportunities for a
deeper understanding of the disease’s pathogenetic
mechanisms and the development of new prevention
and treatment strategies aimed at reducing obstetric
and perinatal losses.

BITAMIH D B FEHE3I NPEEK/IAMNCII: CYYACHE YABNEHHA NPOB/IEMU
(ornam, MNTEPATYPWU)

HauioHanbHUii meguuHnii yHiBepcutet imeHi 0.0. boromonbusa (M. Kuis, YKpaiHa)
iren.poladich@gmail.com

32i0H0 3 daHumu BOO3, degpiyum gimamiHy D € 2n06as16HO0 pobaemoro, W0 CrPUYUHSAE YUC/AEHHI He2aamueHi
Hacnidku 014 300poes's 8 baeambox KpaiHax ceimy. [ocnidxuceHHs nokasyroms, wjo degiyum simamiHy D ceped
8a2imHux Kosnusaemocs 8i0 26% 00 98%, i noHAO 66% »#iHOK Maroms HedocmamHil pieeHb yboz2o eimaminy. [1id
yac eazimHocmi pusuk degpiuumy gimamiHy D 3pocmae Yepes nidsuweHi mompebu opaaHizmy mamepi ma na00a.
BimamiH D — ye Wupopo34YUHHA Pevyo8UHA i MPO2OPMOH, AKUL peaysatoe iMyHimem opaaHiamy, 8nausaroyu K Ha
npupoOHul, Mak i Ha adanmueHuli imyHimem. BiH € 8a#(/1UBOIO MOMUBHOIO PEYOBUHOO 018 pocmy ma nidmpumkKu
cKenema, KaimuHHoT nponigepauii U dugpepeHyiauii, a makox 045 iMyHHOI pyHKUii. Bidomo, wo cucmema peaynauii
simamiHy D 6epe yyacme y 6aeameox Hekaacu4yHux biosnoeiyHUx npouecax. Bimamin D sidizpae saxciusy posb
y npouecax naayeHmauii, imyHHoi adanmauii opeaHizmy mamepi, eHoomenianeHoi yHKUii ma aHzioeeHHo20
b6anaHcy. Le pobumes (1020 0cobauB0 8aHAUBUM Yy KOHMEKCMI po3sumKy 6a2amesox 30X80pPHBAHb, 30KpemMd 8
2eHesi npeekaamrcii. Yce ye niokpecsntoe HeobxioHicme repeansdy Cy4acHUX KOHCEHCYCHUX O0OKYMeHmig uj000 posi
eimamiHy D y BUHUKHEHHI rnpeeKnamncil.

Knro4voei cnoea: simamiH D, degpiyum gimamiHy D, npeeKknamricis, naayeHma, imyHHa cucmema, eHoomesniasnbHa
(PyHKUis, aHeioeeHHUl 6anaHc, 02140 nimepamypu.

38’A30K nyb6niKauii 3 Nn1aHOBMMU HayKOBO-A0CNIA-
HUMU poboTamu.

Jocnif)KeHHA BMKOHAHO B pamKax HayKoBO-A40-
cniaHoi pobotn Kadeapw akylwepcTsa i riHekonorii Nel
HauioHanbHoro mepgmyHoro yHisepcutety imeHi O.0O.
boromonbua «36epekeHHA Ta BiAHOB/NEHHA penpo-
OYKTMBHOIO 340pPOB’A JKIHOK B yMOBax LUBUAKUX Me-
OMKO-COLiaibHUX 3MiH», HOMEP AeprKaBHOI peecTpay,ii
0123U100920.

Bctyn.

3rigHo 3 gaHumn BOO3, gediymt BiTamiHy D € rno-
6anbHOO NPO6aEMOLD, WO CNPUYUHAE YUCIEHHI Hera-
TUBHI HacNiaKW ona 300poB’a B 6araTbox KpaiHax CBITy.
[xkepenom BiTamiHy D € nuwe obmexeHa KinbKicTb
NPOAYKTIB. MMp NeviHKM TPICKU He TiNbKK 3abesneuye
[0CTaTHHIO KiNbKiCTb BiTamiHy D, ane 1 € LiHHUM OxKepe-
Nlom BiTamiHy A Ta KMPHUX KKucnoT. Kpim Toro, siua Ta
iXHi YKOBTKM, rpMbuM Ta NeyiHKa TaKOX BM3HaHI AxKepe-
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NlaMU LLiET BaXKNMBOI NMOXUBHOI peyoBUHU. OgHaK BaXk-
IMBO MiAKPECNUTH, WO COHAYHE CBIT/NIO 3a/IMLIAETHCA
OCHOBHUM fxkepenom BiTamiHy D, 3abe3neuytoun 90%
£0608B01 NoTPebun opraHiamy B UpboMy BiTamiHi [1]. Baxk-
MBo, Wob ntogm obupanm NnpaBubHy iRy ana 3abesne-
YeHHA AO0CTaTHbOrO CMOXWBAHHA BiTamiHy D gns ontu-
MaJIbHOTO 30P0B'A.

CrnocTepiraeTbca 3HayHa nMolMpeHicTb  aediynTy
BiTamiHy D (VDD) cepepq, BariTHMUX KiHOK i HEMOBAAT Y
BCbOMyY CBITi. KiHKM 3 HU3bKMM piBHEM nepebyBaHHA
Ha COHL, BUCOKMM iHAeKcomM macu Tina (IMT), HU3bKUM
CMOXMBAHHAM BiTamiHy D i couianbHO-eKOHOMIYHUMU
TPYAHOLLAMM, AKI CYNPOBOANKYIOTHCA HEAKICHMM Xapuy-
BaHHAM, MigAat0TbCA Halbinbwomy pusuky aediunty
BiTamiHy D (VDD). Lle npu3BoauUTb A0 AyXKE HU3bKUX
KOHUEeHTpauji 25-riapokcusitamiHy D (25(0OH)D) y ixHix
AiTel i NigBULLEHOrO PU3UKY PO3BUTKY aNiMEHTapHOro
paxity [2].

o ¢akKTopiB, WO BNAMBAOTb Ha KOHLEHTpaLito
25(0OH)D y BariTHUX iHOK [3, 4], HanexaTb:

e [lirmeHTauia wkipu: JllognM 3 TEMHIWOK LWKipOto
MaloTb BiflblUY KiNbKiCTb MeNaHiHy, Wo 3MeHLWYE 34aT-
HICTb WKipM cMHTe3yBaTK BiTamiH D nig gieto ynbtpadio-
netosux (Y®) npomeHis.

e YO-ocBiTIeHHA: BiTamiH D cMHTE3y€ETbCA B LWKIipi Nig,
BnanBom Y®-npomeHis. HegocTtaTHa ekcnosuuis go co-
HAYHOrO CBiTN1a, 0CO6MBO B 3MMOBI MicALi, MOXKe Npu-
3BeCTu Ao gediunty BitamiHy D.

e ToTanbHe MOKPUTTA WKipW 3 penirinHux abo Kynb-
TYPHUX NPUYKNH: HOCIHHA 04Ary, WO NOBHICTIO 3aKPUBAE
TiNo, 06MeXKyE eKCno3nL,ito A0 COHAYHOTO CBIiTNa | 3MEH-
LIYE CMHTE3 BiTamiHy D.

e CouianbHa genpwusauia: CouianbHa aenpusauia
MOKe BM/IMBATU HA piBeHb BiTamiHy D yepes obmexeH-
HA B Xap4yyBaHHi, HEAOCTATHIO EKCMO3MULLI0 40 COHAYHO-
ro CBiT/1Ia Ta 06MEXKeHUIM AOCTYN A0 MeAUYHUX MOCAYT.

CepeaHs nowwupeHictb aediunty BiTamiHy D y Ba-
MTHWX »KIHOK | HOBOHAPOAXEHUX CTaHOBUTb 54% i 75%
BiANOBIAHO, a B nicnanonorosomy nepiogi — 63% [5-7].

Mif, 4ac BariTHOCTI B opraHiami matepi BiabyBatoTbca
3HAYHi 3MiHM, 30Kpema noB’sA3aHi 3 meTaboniamom BiTa-
MiHy D. 3pocTa€e iHTeHCMBHIicTb yTBOpeHHA 1,25(0H),Ds;
Y HUpPKax, i MOro piBeHb y CMPOBATLL KPOBI XKIHOK y Tpe-
TbOMY TPUMECTPI BariTHOCTI y ABa Pasu BULLMIA, HiX Y
HeBariTHUX JKIHOK. BinbyBaeTbcA TpaHcMNaLeHTapHU
TPaAHCNOPT KanbLito Ta iHWMX enemeHTiB Big maTtepi 4o
nnoAay. PiBeHb 3aranbHOro KanbL,ito, iOHI30BaHOIo Kasb-
Lito, marHito Ta pocdopy y nnoga nepesuLLye iXHiN pi-
BEHb Yy KpoBi maTepi [8]. YHiKanbHO Ans BariTHOCTI, Uu-
pKyntotounin  1,25-gurigpokeusitamin D (1,25[0H],D)
NiABULLYETbCA Ha PaHHIN cTafil 4O KOHUEHTpauin, wo
y 2-3 pasu nepeBuLLytOTb PiBHI A0 BariTHocTi. Ogpasy
nicns NonoriB MOro KOHUEHTPaLis y maTepi NOBepTaETb-
CcA A0 BUXigHWUX 3HA4YeHb. BmicT BiTamiHy D y maTepuH-
CbKOMy mosioLi 6e3nocepeHbO NOB’A3aHUI i3 CTaTycom
BiTamiHy D y maTtepi [9, 10].

BctaHoBneHo, wo 25(0H)D maTtepi TpaHCNOPTYETLCA
yepes nnaLeHTy A0 Na04a, Ae, HEe3BaXKatouM Ha HUXKYY
meTaboniyHy aKTMBHiCTb nopiBHAHO 3 1,25(0H),Ds, BiH
peryntoe GOpMyBaHHA KiCTKOBOI cucTeMu nnoga, pos-
BUTOK eHgoTenito, nimpoumTis, WKipKW, AEHAPUTHUX KNi-
TUH Ta MaaKkux m’asis cyamH [11, 12]. PiseHb 25(0OH)D y
NyNOBWHHI KPOBi TICHO KOPE/IIOE 3 MOro KOHUEHTPaLLi-
€10 Y KPOBi MaTepi, WO NiaTBEPANKYE NPOHUKHICTb Naa-
LEeHTN AR LbOTro BiTaMiHy.

BitamiH D Bigirpae BaxknmBy ponb y npouecax nna-
LeHTauji, iIMyHHIN aganTauii opraHismy martepi, QyHKLUiT
eHaoTenito Ta aHrioreHHomy 6anaHci. Le pobutb ioro
0COBNMBO BAXK/IMBUM Yy KOHTEKCTi PO3BUTKY bHaraTbox
3aXBOPIOBaHb, 30Kpema y reHesi npeeknamncii. Yce ue
nifAKpecatoe HeobxigHiCTb Nnepernagy cy4aCHUX KOHCEH-
CYCHMX JOKYMEHTIB WOA0 POAi BiTaMiHy D y BUHUKHEHHI
npeeknamncii.

MerTa gocnigKeHHs.

MpoBecTn ornsaf OHOBMEHUX NiTepaTypPHUX [AaHUX
oo poni BitamiHy D B reHesi npeeknamncii.

06’eKT i meToaM pJoCNipgKEHHS.

MpoBeneHO NiTepaTypHUIA NOLWYK Ta aHanis ny6ni-
Kaui y HauioHanbHilW HayKoBii meauyHin 6ibnioTewi
YKpaiHu, eNeKTPoHHI 6asi gaHux meauyHux nybika-
uin «PubMed», «Google Scholar», «Web of Science»
Ta iHWWX aBTOPUTETHUX MEAUYHUX NiTepaTypHUX Hasax
yepes nolykosy cuctemy Google. na aHanisy 6yno
3a/iyyeHo ny6nikauii, onybnikoBaHi B nepiog 3 2019
no cepnexdb 2024 poKy. KpuTepiamu BKAOUYEHHS Bynn:
«lMpeeknamncia», «MnaueHTauia Ta BitamiH D», «Mna-
LeHTaljia Ta npeeknamncia», «IMyHiTeT Ta BiTamiH D»,
«IMyHiTeT Ta npeeknamncia», «EHgoTenianbHa GyHKLUIA
Ta BiTamiH D», «EHAoTenianbHa AncoyHKUia Ta npee-
Knamncia». Y pasi gybnikatiB i HepeneBaHTHUX cTaTeu
BOHW OYyNM BUKAKOYEHI 3 AOCAHiAXKeHHA. Ons obrpyHTy-
BaHHA [AaHWX AOCAiAXeHb BMKOPWUCTOBYBA/NM MOAENb
edektnHoro edekTy Ta metog CumoHiaHa-Jlepaa.

OCcHOBHa YacTuHa.

MexaHi3M1 BUHUKHEHHA NpeeKkaammncii akTMBHO J0-
CNiaXylTbCA B ycbomy CBiTi. OnncaHo noHag 30 rinoTes
PO3BUTKY LbOr0 YCKNAAHEHHS BariTHOCTi, BinblwicTb i3
AKMX aKLEHTYIOTb yBary Ha NOpPYyLUEHHAX NaaLeHTauii Ak
Ha HalBaknAmsiwomy ¢akTopi. 3HaHHA Npo naTodisio-
NIOTit0 NpeeKkNamncii NPOAOBXKYOTb YAOCKOHANOBATUCA.
Mpeeknamncia € cknagHUm i baratorpaHHUM CUHAPO-
MOM, L0 MAE KifibKa NOTEHLUIMHNX WAAXiB PO3BUTKY. Lle
CUCTEMHUIN CTaH, AKWIA XapaKTePU3YETbCA M06aNbHO
eHaoTeniaNbHO ANCOYHKLE Ta NONIOpPraHHOW Heao-
CTATHICTIO, LLO BMNMBAE AK Ha 340pOB’A MaTepi, TaK i Ha
nnig.

Ha cboroaHi 3aranbHONPUMHATOK € ABOETanHa Mo-
Oenb PO3BUTKY NpeeKaamncii, 3anponoHosaHa Pegma-
Hom y 1991 poui. LA moaenb € OCHOBHOK 4OrMO NaTo-
disionorii npeeknamncii. Mepwa cTagia (nnaueHTapHa)
nos’A3aHa 3 NOPYWeHHAMM NAaLeHTalii BHACNIAOK He-
agekBaTHOI iHBasil TpodobnacTie y cnipanbHi apTepii,
O NPU3BOAUTb A0 3HWMMKEHHSA NaueHTapHoi nepdysii.
[Opyra cTagia (KniHiYHA, MaTepuHCbKa) KPUTUYHO 3ane-
WTb Bif, NepLloi: BOHA XapaKTepU3yeTbCA PO3BUTKOM
paay 6ionoriyHMX Npouecis, BUKIMKaHUX illemieo nna-
LEeHTH, WO NpU3BOAATL A0 BMHWUKHEHHS FOCTPOro ma-
TEPUHCBHKOTO CUMHAPOMY 3 CUCTEMHOIO MOAIOPraHHO
naTtonorieto. HesBakaroum Ha AeTaNbHUI onuc gBoeTan-
HOi mogeni npeeknamncii 30 pokiB TOMy, 3aAULIAETLCA
HeobXiAHWM nepernag HaABHUX AO0Ka3iB LWOAO YNCNEH-
HUX PaAKTOPIB, AKI MOACHIOIOTb KPUTUYHI CTaLil pO3BUT-
Ky 3aXBOPIOBAHHA. [JO HUX HaneXKaTb aHrioreHHi Ta aH-
TWaHrioreHHi ¢akTopwu (bakTop pocTy eHAoTEN O CyANH
VEGF, dakTop pocty naaueHtn PIGF, yacTka fms-nigtm-
ny TUPO3uHKiHa3M 1 sFlt-1, po3unHHUIA eHaornid skng),
iHAyKoBaHUI rinokcieto daktop la (HIF-1a), mikpoyac-
TUHKKU cuHUMTIioTpodobnacTy (STBM), ayToaHTuTING A0
peuenTopiB aHrioTeHsuHy Il Tuny 1 (AT1-AA), okcupaa-
TUBHWI CTPEC i CTpec eHA0NNa3MaTUYHOIO PETUKYIYMY,
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CNPUYMHEHMI NopyLLeHHAM 6inkoBoi piBHoBaru. MNpee-
KNaMNCiA 3 paHHIM MOYaTKOM 3a3BMYall BUHUKAE Yepes
NopyLeHHA NAaueHTaLii, TOAi AK NpeeKkNamncia 3 nisHim
noyaTKOM MoXe byTn NoB’A3aHa 3i cTapiHHAM NAaLEeHTH
Ta reHEeTUYHO CXM/IbHICTIO MaTepi 4O cepLeBO-CyaAUH-
HUX i MeTaboniuHMX 3axBoptoBaHb [13-17].

MaTodisionoria uboro posnaay, NoB’A3aHOro 3 BariT-
HICTIO, 3a/IMWAETbCA NEPEBAXKHO HEe3'ACOBAHOD, OCKIi/b-
KM NOBHE PO3YMiHHA MOro mexaHi3mis i eTionorii € cknag-
HUM 3aBAaHHAM. OAHaK BK/OYEHO KiflbKa KAKYOBUX
baKTopiB, TaKMX AIK aHOMa/IbHUIN PO3BUTOK MIALEHTMH,
OKCMAATUBHUIA CTPEeC, IMyHHI NOPYLUEHHA Ta aHriOreHHi
aucbanaHcK. AHani3 NNaUeHTHM XKiHOK i3 NpeeKknamncieto
YacTo BMABAAE apTepiasibHUI CKAepo3, WO NPU3BOAUTD
[0 HeageksBaTHOI nepodysii Ta noganbloi iwemii [18].

Mig 4Yac npeeknamncii aHomasbHa CygMHHA peak-
Lif Ha NJAUEHTALIl0 BMKAMKAE MAALLEHTAPHY FiMOKCito,
WO CNpPUAE PO3BUTKY MJIALEHTAPHOI HeaoCTaTHOCTI.
HaTomicTb HOpMmasbHa BariTHICTb Ha pPaHHIX TepMiHax
XapaKTEPU3YETbCA HU3bKUM PIBHEM KUCHIO, LLLO CNPUAE
BUPODONEHHIO aHrioreHHoro ¢akTtopa HIF-1la. Finokcuu-
Hi YMOBW B HOPMa/IbHili BariTHOCTI peryntotTbca 2-me-
TOKCMecTpaaionom, Akuii 61okye ekcnpecito HIF-1la. Y
BUMNaAKax NpPeeKkNamncii rinokcia npM3BoauTb 40 NiaBU-
weHoi npoaykuii HIF-1a Ta sFlt-1, wo B cBoto yepry Bu-
KNMKaEe eHaoTeNianbHy ancoyHKuito [19].

OTKe, Ha OCHOBI aHani3y MiXXHapoOA4HOI niTepaTypm
MOXHa 3p0obuTK KinbKa BUCHOBKIB. MMo-nepLie, He3Ba-
YKaKUM HA YNCNIEHHI AOCNIAKEHHA, EAMHOIO NOrNAAy Ha
MOJIEKYNAPHI MeXaHi3MKM eTionaTtoreHesy npeeknamncii
(ME) mocartn He Baanoca. Mo-gpyre, KAOYOBY POSb Yy
PO3BUTKY LLbOro YCKAAAHEHHA BariTHOCTI BigirpatoTb no-
pYyLWeHHA NpoueciB naaueHTauii, iMyHHOI ge3aganTauii
opraHiamy maTtepi, eHgoTenianbHoi AUCOYHKLT Ta aHri-
OreHHOro AucbanaHcy; ofHaK ixHA ponb y dopmyBaH-
Hi paHHbLOI Ta ni3HboI E cyTTEBO pi3HUTLCA. MMO-TpeTE,
ineHTMdikoBaHO noHag 130 pisHUX daKTopiB PU3UKY
po3BuTKy ME (cimelHa icTopia npeeknamncii, XpoHiyHa
apTepiafsibHa rinepTeHsin, LUyKpOBWUI AiabeT 2-ro Tvny,
HUPKOBA HeAOCTaTHICTb, CNagKoBa TpoMmbodinis ToLLo),
ane HaABHI AaHi YacTo HeOAHO3HAYHi M BapitolTbCA
3a71eXHO BiA, [OCNiIAXKYBAHOI nonyaauii. TaKUM YMHOM,
iCHYtOYi CynepeyvyHoCTi Ta BifACYTHICTb KOHCEHCYCY WoAao
okpemux bionoriyHmx npouecis, Wwo 6epyTb yyacTb y
po3BuTKy [E, 3ymoB/toOTb HEOBXiAHICTb NoAasnblUnX
[OCNIAMKEeHb LbOro ycKAagHeHHA BaritTHocTi [20-23].

Lle nigkpecntoe BaXKIMBICTb PO3YMiHHA, 4iarHOCTUKMK
Ta epeKTMBHOrO BUAB/EHHA TinoBiTamiHO3y D Ak dakTo-
pa naTtoreHesy rinepTeH3MBHMX PO3/1aAiB Mif Yac BariT-
HoCTi AnA 3abe3neyeHHA Gnarononyyya Ak matepis, Tak
i IXHIX HEMOBNAT.

Byno BMBYEHO 49 KAiHIYHMX AOCAIAXKEHb, 3 AKMX 28
JocniaxkeHb 6ynn nposeseHi 3a METOAOM «BUMALOK—
KOHTPObY, @ 21 — AK «KOTOPTHI» gocnigxKeHHa. Jocni-
O)KeHHA nposogunuca B IpaHi, Kutai, Ykpaini, PymyHii,
MaknuctaHi, Higepnangax, Konro, Mawi, CLUA, Asctpanii,
®paHuii, Benukin bputaHii, AaHii Ta IHA]I.

YCi BKAIOYEHI [OCNiAXeHHA, 338 BUHATKOM O4HOTO,
NMoKasa/in 38’A30K MiXK piBHAMM BiTamiHy D Ta npeeknam-
ncieto. lnwe gocnigxeHHa Abbasalizadeh S et al. (2020)
He BMABMO 3B’A3KY MiXK gediuntom BiTamiHy D Ta npee-
Knamncieto. OgHak AediumnT KanbLito MoxKe 36i1bwnTn
pU3KnK Npeeknamncii y 8,5 pasis [24].

Y KoropTHOMy aociaxeHHi Raia-Barjat T et al. (2021)
KOHUeHTpauito 25(0OH)D y KpoBi maTepi BUMiptoBanu B

n’'aTb pi3HWX nepiogis BariTHOCTi: Ha 20, 24, 28, 32 Ta
36 TUXKHAX. Pe3ynbtat noKkasanu, wo 43% y4vacHuup,
y AKMX PO3BUHYNACA NPEEKNAMMCIA, Maan HeLOCTaTHIN
piBeHb BiTamiHy D nig yac BaritHocTi [25]. Kelly CB et al.
(2020) pocnigskyBanu 6iogOCTYMHICTb Ta KOHLEHTPAL,it0
25-rigpokcusiTamiHy D (25(0OH)D), 1,25-auriapoKcu-
BiTamiHy D (1,25(OH),D) Ta 38’A3ytoyoro 6inka (VDBP)
y nnasmi KpoBi NpnbamsHo Ha 12, 22 Ta 32 TUXKHSAX Ba-
riTHoCTi. BuABNEeHO, Wo KoHueHTpauia 1,25(0H),D 6yna
nigsuLLeHoto, a piseHb VDBP — 3HMMKeHUM y TpeTbomy
TPUMECTPI Y XIHOK, Y AKMX 3rogoM pPO3BMUHY/IAcA npee-
Knamncina [26]. [lekinbKa A0CNiAHMKIB MPUMYCKaloTh, WO
KOHLEeHTpaujia BiTamiHy D moxKe 6yTM HOBUM MapKepom
PU3MKY Npeeknamncii Ta, MOX/MBO, NOB’A3aHa 3 ii naTo-
reHesom [27-29].

Y pocnigxeHHi Benachi A et al. (2020), ske TpuBa-
JIO TPY POKM 3@ Y4aCTIO yYaCHMKIB i3 benbrii Ta ®paHu;ii,
He BUABNEHO XOAHOI KopenaLii MixK rinositamiHozom D
i NpeeKknamncieto y nepwomy Tpumectpi. OgHaK XKiHKK
3 AOCTaTHIM piBHEM BiTamMiHy D Manu 3HAYHO HUKYUN
pu3uK po3BUTKY nNpeeknamncii [18]. Hu KL et al. (2022)
npoaHanisysanm 25 530 BariTHUX. Y xo4i [OCNioXKEeHHA
33 METOAOM «BUMAZLOK—KOHTPO/bY BUABNEHO, WO aedi-
LMT BiTaMiHy D Ha paHHix Ta cepesHix TepMiHax BariTHO-
CTi MOXe cnpuATK po3BUTKY npeeknamncii [30]. Dahma
G et al. (2022) BusBuAn, WO Ha 32-My TUKHI BariTHOCTI
yepes HecTayy BiTamiHy D mo¥e po3BMHYTUCA NAALEH-
TapHa rinepTeHsia abo npeeknamncis [31]. Razaghi M
et al. (2020) pocnigsyBanu 3B’A30K MixK piBHem 25-rig-
pokcuBiTamiHy D y cupoBaTLi KpoBi maTepi Ta B nyno-
BMHHIN KPOBi HOBOHApOAKeHOro. BUCHOBKM MoKaszanuy,
Lo cTaTyc BiTamiHy D y maTtepi NO3UTUBHO KOpentoe 3i
cTaTycom BiTamiHy D y HoBOHapozaskeHoro [32].

Thorsen SU et al. (2021) BMBYaAM ponb peryaatop-
HUX T-KNiTUH (Treg), BaXkAnBux gna 36anaHcoBaHOl iMyH-
HOI cucTemu. JocnigKeHHA NpoBoaMAM HA 28-32 TUKHI
BariTHOCTI Yy maTepi Ta NynoBUHHIN KpoBi. byno Buasne-
HO MO3UTUBHY KOpensLito Mix pisHem 25(0OH)Ds y nyno-
BWHHIl KpoBi Ta piBHem aTreg. 3pobaeHO BUCHOBOK, L0
KOHUeHTpauia 25(0H)Ds; moxe BMNAMBaTM Ha iMyHITeT
AnTuHK [33].

Maugeri A et al. (2019) BuaBuAn, Wo [OCTaTHA KOH-
LeHTpauia BiTamiHy D y BaritHOi NO3UTUBHO BMN/AMBAE
Ha TPWBANICTb BariTHOCTI, Macy NioA4a NPW HAPOAMKEH-
Hi, PiCT Ta OKPY)KHiCTb rON0BM HOBOHApOAKeHOro [34].
HusbKKin piBeHb BiTamiHy D moxe BigirpaBaTn posb y
PO3BMTKY Npeeknamncii Ta eknamncii, i npuiiom aoba-
BOK MOXe [O0MOMOITM 3anobirtn abo 3HU3UTU PU3KUK
ix po3BuMTKy [35]. Vivanti AJ et al. (2020) nokasanu, wo
PU3KMK NpeeKknamncii 6ys Nos’A3aHUI 3 KOHLEHTPaL,i€to
25(OH)D y cuposaTui matepi, aka 6yna = 30 Hr/mn [8].

IHWe AocniayKeHHA, MeTol AKOro 6yno BU3HAYUTU
3B’A30K MiXK MpeeKnamncielo Ta Ai€TO0, BUABMAO Mia-
TBEPAKEHUN MPOTATOM HACTyNMHWX 5 poKiB cnocTepe-
YKeHb 3B’A30K MiX HUMK. [Jo3a xapyoBux Aob6aBOK Bapi-
I0BaslacA B Pi3HUX AOCNIAXKEHHAX i KonnBanaca Big 400
MO pgo 300 000 MO Ha aeHb [36]. 3arasiom 6yno obcre-
*KeHo 440 yuyacHukis y nepion 3 6epesHa 2016 poKy Ao
yepsHA 2019 poky. IHPopmaLia npo xapyyBaHHA byna
OTpVMMaHa 3a JONOMOrO ONUTYBAJIbHUKA, LLLO CKAaLaB-
cs 3 78 nyHKTiB. KoHueHTpauii 25(0H)D, Ta 25(0H)Ds3 y
CMpOBaTLi BUMIptOBaAM 3a AOMOMOIOK PiANHHOI XPO-
maTorpadii. JocnigHWKM NiaTBEPANIM FiNOTESY, WO NPU
HaneXXHoOMy XapuyBaHHi Ta MOro AKOCTi npeeknamncisn
He BUHUKAE.
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Rouhani P Ta iH. (2023) BcTaHOBUAM, WO cepen 73
626 y4aCHUKIB KOXKHEe NiABULLEHHA KOHLLEHTPALi LMPKY-
norodoro 25(0H)D Ha 10 Hr/mn NpU3BOANTL A0 3HUMKEH-
HA YacToTn npeeknamncii Ha 14% [37]. Y pocniaskeHHi
Harreiter J Ta iH. (2022), wo oxonuno 154 yyacHuKiB i3
ceMKn eBPOMNENCbKUX KpaiH 3a nepiog 3 2012 go 2015
poKy, 6yn0 3p067eHO BUCHOBOK, LLO BiTamiH D 3HauyHO
niZBULLYBaB Oro piBeHb Y MaTepi Ta HOBOHAPOAKEHOTO
[38].

Mpeeknamncia 3a3BMyall BU3HAYAETbCA SAIK CUCTEM-
HUI CMHAPOM, LLO XapaKTEPMU3YETbCA rinepTeH3ielo Ta
NpOTeiHYpPi€El0, AKI BUHMKAOTL Nig, Yac BariTHOCTI. PaH-
HbOK BBAMKAETbCA NMPEEKNAMNCIsA, WO PO3BUMBAETHCA A0
34-ro TUHA BariTHOCTI. [MopyLweHHA iHBa3ii eKcTpaBop-
cuHyactoro Tpodobnacta (EVT) y aeumayanbHy 060/10H-
Ky Ta cnipasbHi apTepii € KNDYOBMMKN 03HAKaMM LbOro
ctaHy. OCTaHHI AaHi cBigyaTb, WO KanbLUUTPION i Kanb-
LMAioN 3HAYHO MOCUAKOTL iHBasito EVT in vitro. Kpim
Toro, aediunTt BiTamiHy D nopyLuye PpyHKLit0 eHAaoTeN O
naaLeHTapHUX CYAMH i BNIMBAE HA eKCNpecito peLenTo-
pa BiTamiHy D (VDR) y niaueHTapHoMy eHgoTeni.

Biaomo, wo 25(0OH)D TpaHcnopTyeTbca Yepes nna-
LEeHTY [0 naofa, Ae BiH peryntoe popmyBaHHA KiCTKO-
BOi CUCTEMM M/I0AA, PO3BUTOK eHZoTenito, nimpoumTis,
WKipK, AEHOPUTHUX KNITUH i IagKkux m’ssiB cyauH. Pi-
BeHb 25(0OH)D y NynoBMHHIN KPOBI KOPEJIHOE 3 MOro KOH-
LLeHTpaLi€lo B KPOBi maTepi, WO CBiAYMUTL NPO NMPOHMK-
HiCTb NMaUEeHTM ans uboro metabonity [11, 12, 28].

Ashley B Ta iH. (2022) pocnigsKyBanu mexaHismu
nornvHaHHAa 25(0OH)Ds y nnaueHTi Ta Moro meTtabonitn
24,25(0H),D; Ta 1,25(0H),D3 y nnoaa Ta BariTHOI KiHKMK.
Bbyno po3rnAHYTO KAKOYOBI MmepfiaTopu MNOMMHAHHA
25(0OH)Ds, Taki Ak CYP27B1, CYP24A1 ta VDR, npoTtsarom
yciei BaritHocTi [39]. Kelly CB Ta iH. (2020) gocnigysa-
N1 KoHueHTpauito 25(0H)D, 1,25(0H),D Ta 38’a3ytouoro
6inka (VDBP) y nnasmi KpoBi Ha pisHUX TepMiHax BariT-
HOCTI Y }KiHOK i3 LWyKpoBuM Aiabetom 1 Tmny, BUABUBLUN
3HMKeHHSA piBHA VDBP y TpeTbomy TPUMECTPI Y »KiHOK, y
AKMX 3rogoM PO3BUHYIaca npeeknamncia [26].

[eHeTUYHi Ta enireHeTUYHi GaKToOpU TaKOXK BMNAU-
BalOTb Ha KOHUeHTpauito BiTamiHy D y nnaueHTi. Mone-
penHi focnigKeHHA nNokasanu, wo metuntoBaHHa JHK,
ocobnmnso CYP24A1, sigirpae Baxaumey posb. CUHLMTI-
anbHi Tpodobnactn ekcnpecytoTb akTuBHui CYP27B1,
VDR, VDBP Ta iHWi KOMNOHEHTN meTaboniamy BiTamiHy
D [39, 40].

Reddy Ta iH. (2022) pocnigskyBanu nnaueHTapHi, dpe-
Ta/IbHi Ta MAaTEPUHCbKI CepLLeBO-CyANUHHI MapKepu npu
npeekaamncii, BUABMBLUK, LLO Mapkepu sFlt-1/PIGF Ta
OUiHKa nepepbadyBaHoi Barn nnoga € edeKTUBHUMMU
[41]. Takox pocnigxeHHs Suresh S Ta iH. (2023) nigTBep-
anno ebeKTUBHICTb cniBBigHoweHHa sFIt-1/PIGF y npo-
rHO3yBaHHI yCKNaaHeHb Nig vac BaritHocTi [42].

Bai K Ta iH. (2021) gocnigxysanu eK30comu, ki Mo-
XyTb 6yTM NoTeHUinHMMM Biomapkepamun ana aiarHoc-
TUMKW BariTHOCTi. EK3ocomu 3’'ABNAOTLCA B KPOBi MaTtepi
B)e Yyepes LWiCTb 4HiB NicnA 3a4aTTa, i iX KiAbKicTb 3po-
CTa€ NPOTArom rectauiiHoro nepioay [43].

BitamiH D Bigjirpae BaxknmBy posb y izionoriyHmx
npougecax, BKAOYAUYM MOAYNALID OKUCIOBANbHOTO
cTpecy, AKUN € KPUTUYHUM GAKTOPOM Y PO3BUTKY rinep-
TOHIYHUX CcTaHiB [44].

BitTamiH D mae Ba3onpoTeKTOpHUI edeKT, i Moro ge-
&iunT NPU3BOAUTL A0 PO3BUTKY eHAOoTenianbHOI Auc-
dyHKuii (EA). OcHOBHMMM O3HaKamu E[, € 3HUNKEHHS

6i040CTYNHOCTI MOTY}KHOTO eHA0TEeNiN3aNeKHOro Ba3o-
AnnataTtopa — okeuay asoty (NO), Wwo cnpusae paHHbOMY
PO3BUTKY aTEpPOCKIEepo3y. Y eHAoTeniaNbHUX KAITUHAX
BiTamiH D peryntoe cnHTe3 NO waaxom akTuBaLii eHao-
TenianbHoi NO-cuHTasum (eNOS). MigsuweHa akTUBHICTb
aKTUBHMX popm KucHio (ADPK) cnpuse okucatoBaabHOMY
cTpecy, wo npurHivye cnHtes NO Ta 3HMKYe oro bio-
[OCTYNHICTb. BiTamiH D 3axuLLa€e KNiTUHM Bif, aKTUBHOC-
Ti  HIKOTMHamigageHiHAMHYKNeoTuadpochaT-okcnaasm
(HAOQ®H-okcnaasm), aka yteoptoe ADK, i nocuioe aHTu-
OKCUOAHTHY aKTUBHICTb WAAXOM CTUMYANALIT depMeHTiB,
TaKMX AK cynepokcupamucmytasa. lposananbHi mepgi-
atopu, Taki Ak TNF-a Ta IL-6, wo € daKkTopamm pusmKy
ona EL, ctumyntotoTb akTuBHICTL NO Ta eNOS, a Takox
NiABULLYIOTb €KCMPEecito aTepOCKAepOTUUHUX daKTopiB
yepes wnax NF-kB. BitamiH D npurHiyye nposananbHy
aKTUBHICTb, BIOKYOUM Nepegady curHany yepes NF-kB
Ta 3HWXKYOUYM BUPODOAEHHS NpPO3anasibHUX UUTOKIHIB
[45]. PerynapHuin npuitom BiTamiHy D Baknusuin ans
niaTpmumkm biogoctynHocti NO Ta dyHKUii eHaoTenito.

Y naTtodisioNoriyHNX ymoBax akTUBHI GOpPMU KUCHIO,
Taki AK cynepoKkcug-aHioH (02-), nepeKkuc BOAHIO
(H202), riapokcunbHuii pagukan (*OH) i nepoKcuHiT-
puT (ONOO-), nopyLlyoTb aHTUOKCUAAHTHUIN 3aXMCT,
LLIO MPM3BOANTb 4,0 OKMUCIOBAZIbHOIO CTPECY | PO3BUTKY
eHgoTenianbHoi ancdyHkuii. APK BMpobasaloTbea Mi-
ToxoHapiamu, NADPH-oKcnaasow, KCaHTUMHOKCKMAA30tH0
Ta He3B’A3aHolo eNOS. BitamiH D cnpuse aHTUOKCK-
OAHTHUM epeKTam, NiABULLYIOUYM eKCnpecito pepmeHTiB,
TaKMX AK CynepoKkcuaamcmyTasa, rayTaTioHNepoKcu-
[a3a, KaTanasa, ackopbiHoBa Kucnota, a-Tokodepon i
rnyTaTioH [46]. Kpim Toro, BiTamiH D aKTMBYE reHeTUYHi
WNAXM Yepes agepHuit pecnipatopHuit daktop 2 (Nrf2),
AKUIA PEryntoe eKCnpecito aHTMOKCUAAHTHUX GEepMEHTIB
i 3HUKYE BUpObBNEeHHA ADPK.

Feenstra Ta iH. (2023) cTBEpPAKYIOTb, LLO OKWUC/O-
Ba/IbHWUI CTPec Mpu 3aTPUMML PO3BUTKY naoga binblie
noB’A3aHKI i3 CyNnyTHbO NPEEKNAMICIEID, HiXK i3 camum
3aTPUMKOIO PO3BUTKY nnoaa [47].

OocnigHnkn 3 MeKcukm, 3o0kpema Perichart-Perera
Ta iH. (2021), cTBOpPUAM iHTErpPaTUBHY MOAE/Nb LITYYHOI
HENPOHHOT MepeXKi A/1A NPOrHO3YBaHHA 3aTPUMKM BHY-
TPILWHbOYTPOBHOrO PO3BUTKY N104A HA OCHOBI MaTEPUH-
CbKWX MOKa3HUKIB, TaKMX AK iIHAEKC Macu Tifa, *KUPOBUI
KOMMOHEHT, Habip Baru nig Yac BaritHocTi, HioximiuHuin
Ta OKCUAAHTHO-AaHTUOKCUMAAHTHWUIA CTaTyC y nepliomy
TpumecTpi. Mogenb NpoAeMOHCTPyBana TOUHICTb Yy 86%
[48].

BiTamiH D TaKOX BM/MBAE Ha PaHHIO MaaLLEHTaL,to,
BUKOHYIOUYM IMYHOMOZYIOKOYY PONb Y B3aEMOAIT maTe-
pi Ta nnopa. AncbanaHc GpyHKUIN T-xennepHUX KAiTUH
MOXe MPU3BOAUTU 4O CUCTEMHUX Ta JIOKAJIbHUX 3MiH,
CnpusAYM po3BUTKY npeeknamncii [49]. MopylweHHs
perynauji cybrpyn T-xennepis, Taknx Ak Thl, Th2, Thl7
i Tregs, 3MiHIOE LUTOKIHOBE cepefoBULLe, WO BUKANKAE
3ana/ibHi peakuii Ta MOXKe CNPUATN PO3BUTKY FiNepTOHii
i npeeknamncii. Ha n10KanbHOMY piBHi, Nig Yac naaueH-
Tauii, Taku ancbanaHc nopyuuye iHdinbTpauio Tpodob-
nacTiB i PYHKLiOHYBAHHSA eHAO0TeNiaibHUX KAITUH CYAMH.

MNiaBMLWEHNI PiBEHDb [IIOKOKOPTUKOIAIB TAKOXK CNpwu-
A€ PO3BUTKY NPEEeKNaMNCii, Lo NPOABAAETHCA NOPYLUEH-
HAM PeMOAENIOBaHHA CchipanbHUX apTepii Ta nigBu-
WweHHAM pisHiB sFItl, sEng, IL-1B Ta TNFa y kposi [50].
AHOManbHa Mopdosioris MITOXOHAPIN Ta IXHA AUCDYHK-
LA B NIAUEHTax NPU3BOAATb A0 NOLWKOAKEHHA KNITUH.
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BucHoBKM.

Xoua pe3synbTaTh AOCAiAXKEHb NPO 3B’A30K MiX piB-
Hem BiTamiHy D Ta npeekNaMncCielo e He € OCTaTOYHMU-
MW, 3POCTAE KiNIbKICTb A0Ka3iB TOro, Wwo AediunTt BiTami-
Hy D nigBuLLye pu3nK HECNPUATAMBMX HACAIAKIB Nig Yac
BariTHOCTI, TAaKMX AK NOPYLIEHHA NPOLECiB NaLeHTaLil,
iMyHHOI aganTauii, eHgoTenianbHoi AMchyHKLi Ta aHri-
oreHHuit gmucbanaHc. Mpuitom aobasok BiTamiHy D nig,
Yyac BariTHOCTi Moxe ByTn He3neyHMm Ta LOCTYNMHUM

CNocobOM 3HUMKEHHA LUUX PUSKKIB 1A MaTepi Ta AUTKU-
HU.

MepcnekTMBM NOAANBLUNX [OCNIAMKEHD.

LocnigreHHA poni BiTamiHy D y po3BUTKY NpeeKknam-
Nncii BiAKPUBAlOTb LIMPOKUIA CMEKTP MOMK/IMBOCTEN ANA
nornMbneHoro po3ymiHHA NaToOreHeTUYHUX MeXaHi3mis
3axBOpPHOBAHHA Ta pO3pobKKN HOBMX cTpaTeriit npodinak-
TUKM 1 NIKYBAHHA, 3 METOI 3HWMMKEHHA aKyLepPCbKUX Ta
nepuvHaTasbHUX BTPaT.
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BITAMIH D B FEHE3I MPEEKNAMICII: CYYACHE YABJIEHHA NPOB/IEMU (OMNAL NITEPATYPU)

Monaguu I. B.

Pestome. [ediumT BiTamiHy D € rnobanbHoo npobaemoto, Wo BNAMBAE Ha 340p0B’A 6araTbox Ntoael, 30Kkpema
BariTHUX IHOK i HOBOHapoaeHuX. Mif Yac BariTHOCTI OpPraHiam »iHKKW 3a3Ha€ 3HAYHMX 3MiH, 0CO06/1MBO WOA0 Me-
Taboniamy BiTamiHy D. PiBeHb akTuBHOro 1,25(0OH),D3 B KpOBi BariTHMX 36i/blWYETHCA, LLO CNPUAE TPaHCNAALEHTap-
HOMY TPaHCMOPTY Kanblito Ao naoga. Kpim Toro, piseHb 25(0H)D maTtepi BNMBaE Ha MOro KOHUEHTpALio Y N1oaa,
LLLO MAE KNHOYOBE 3HAYEHHSA A1 GOPMYBaAHHS KICTKOBOI CUCTEMM, PO3BUTKY CYAUH i iMy HHOI cuctemm guTuHKU.Uinb:
NPOBECTM NOLWYK Ta aHani3 nybnikaLiit B enekTpoHHMX 6a3ax 6ibnioTeK wono poni BitamiHy D y reHesi npeeknamncii.

Mema: npoBecTU OrnAL OHOBAEHUX NiTePaTyPHUX AaHUX WOAO POAi BiTamiHy D B reHesi npeeknamncii.

06’ekm i MemoOu 00CniOHeHHA: aHani3 Cy4acHUX NOrNAAiIB Ha ponb BiTamiHy D, AK eTionaToreHeTUYHOro GpaKkTo-
Py PO3BUTKY NpeeKamMncii 3a pesynbTaTaMmn aHanizy MeAnyHol HayKoBOI NliTepaTypu Ha OCcHOBI 6a3 AaHMx PubMed»,
«Google Scholar», «Web of Science» Ta iHWNX aBTOPUTETHUX MeAMYHMX NiTepaTypHMx Ba3ax Yyepes NOLIYKOBY CK-
ctemy Google 3 2019 no cepneHb 2024 poku. Kputepiamu BkAtoueHHA Byan: «Mpeeknamnciay, «MnaueHTawis Ta Bi-
TamiH D», «lMnayeHTayia Ta npeeknamncia», «ImyHiteT Ta BiTamiH D», «ImyHiTeT Ta npeeknamncia», «EHaoTenianbHa
dyHKUia Ta BiTamiH D», «EHAOTenianbHa AnchyHKLiA Ta npeeknamncia». Y pasi aybnikaTis i HepeneBaHTHUX cTaTel
BOHW 6YNIM BUK/OUEHI 3 AOCNiAKeHHA. s 06rpyHTYBaHHA AAaHWUX AOCAIAXKEHb BUKOPUCTOBYBANAN MOAeNb ePeKTUB-
Horo edekTy Ta MmeTog CuMmoHiaHa-/lepaa.

OcHoBHa YacmuHa. YCi BKNKOYEHi AOC/iAKEHHS NOKasanu, Wo piBHi BiTamiHy D nos’a3aHi 3 npeeknamncieto, 3a
BUHATKOM A1BOX AOCNIAKEHb, AKi He BUABMIM 3B"A3KY MiX BiTamiHOom D i npeeknamncieto. [jo3a BitamiHy D Bigirpae
BUPILLAZIbHY PO/ib Y PO3BUTKY 3aXBOPHOBAHHA, OCKI/IbKM UMM BULLA 033, TUM MEHLLUIA PU3MK PO3BUTKY NpeeKsam-
ncii. 3arasiom i3 49 gocnigsKkeHb 28 € paHAOMI30BAHUMM KAIHIYHUMM AOCNIAXKEHHAMM, AKi BUBYAIOTb PO/ib J006ABOK
BiTamiHy D y npeeknamncii.

[03a xap4oBux 06aBOK BapitOETLCA B Pi3HMX AOCNIAKEHHAX | KoMBaeTbesA Big 400 MO go 300 000 MO Ha aeHb.
JocnifrKeHHa niaTBepamnu, Wo HeCnpUATIMBUMW HaCcAiLKaMM BariTHOCTI Npu npeeknamncii moxke 6yTtu rinosita-
MiHo3 D nif yac BariTHOCTI, WO BM/IMBAE Ha NpoOLECcH NaaLeHTauii, iMyHHOI aganTauii, eHaoTeniabHOi ANCPYHKLT
Ta aHrioreHHoro 6anaHcy. OKpiMm LbOro, po3rNagatoTbCcAa MexaHi3aMu, 3a AOMNOMOrol SKMUX BiTamiHy D peryntoe ui
npouecu.
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BucHOBKU. Xo4a BUCHOBKM LLLOAO 3B’A3KY MiXK piBHEM BiTamiHy D Ta npeeKknamncieto y matepi He € 0OCTaTOYHUMMU,
3POCTAE KiNbKICTb A0Ka3iB TOro, Wo gediunT BiTamiHy D nig yac BariTHOCTI NigBULLYE PUSKK KiIbKOX HECTIPUATINBUX
noajin, AKi MOXYTb YCKNAAHUTM BariTHICTb: LLe NpoLLecK naaLeHTawi, imyHHoT aganTay,ii, eHaoTenianbHoi AnCchYHKL,i
Ta aHrioreHHoro 6anaHcy. [lobasKku BiTamiHy D nig Yac BariTHOCTI MOXYTb 6yTM 6e3ne4HMm Ta A0CTYNHUM cnocobom
3HUMKEHHA PU3UKY HECNIPUATIMBUX NOAIM AN MaTepi M AUTUHK. Y LinoMy, LOCTAaTHE nepebyBaHHA Ha COHL, Ai€Ta,
6araTa Ha BiTamiH D, Ta pi3MyHa aKTUBHICTb NOBMHHI PO3I1AAATUCA AK NEpPLUi KPOKKU Ana 3anobiraHHa gediuunTty, Toaj
AK [,06aBKM BiTamiHy D MOXKyTb OyTN peKOMEHA0BAHI XKiHKaM i3 NigTBEPAKEHUM cepirno3HUM aediunTom.

Kntouosi cnosa: BiTamiH D, aediunt BitamiHy D, npeeknamncisa, naaueHTa, iMyHHa cuctema, eHpoTesniasbHa
bYHKUiA, aHrioreHHUI 6anaHc, ornag nitepaTtypu.

VITAMIN D IN THE GENESIS OF PREECLAMPSIA: CURRENT UNDERSTANDING OF THE PROBLEM (LITERATURE
REVIEW)

Poladych I. V.

Abstract. Vitamin D deficiency is a globalissue that significantly impacts the health of many individuals, particularly
pregnant women and newborns. During pregnancy, a woman'’s body undergoes considerable changes, especially in
the metabolism of vitamin D. The levels of active 1,25(0H),Ds in the blood increase, facilitating the transplacental
transfer of calcium to the fetus. Moreover, the mother’s 25(0OH)D levels directly affect fetal concentrations, which is
crucial for the development of the skeletal system, vascular health, and the immune system of the child.

Aim: to review the updated literature on the role of vitamin D in the genesis of pre-eclampsia.

Object and research methods: analysis of medical scientific literature from the databases PubMed, Google
Scholar, Web of Science, and other reputable medical literature databases through the Google search engine from
2019 to August 2024. The inclusion criteria were: «Preeclampsia,» «Placentation and Vitamin D,» «Placentation and
Preeclampsia,» «Immunity and Vitamin D,» «Immunity and Preeclampsia,» «Endothelial Function and Vitamin D,»
«Endothelial Dysfunction and Preeclampsia.» Duplicates and irrelevant articles were excluded from the study. The
analysis was conducted using the random-effects model and the Simonian-Laird method to substantiate the data.

Main part. All included studies showed that vitamin D levels are associated with preeclampsia, except for two
studies that found no connection between vitamin D and preeclampsia. The dosage of vitamin D plays a crucial role
in disease development, with higher doses associated with a lower risk of preeclampsia. Out of 49 studies, 28 were
randomized clinical trials examining the role of vitamin D supplementation in preeclampsia.

The dosage of supplements varied, ranging from 400 IU to 300,000 IU per day. Studies confirmed that vitamin
D deficiency during pregnancy can lead to adverse outcomes, such as impaired placentation, immune adaptation,
endothelial dysfunction, and angiogenic imbalance. Additionally, mechanisms through which vitamin D regulates
these processes were discussed.

Conclusions. Although conclusions regarding the relationship between maternal vitamin D levels and
preeclampsia are not definitive, increasing evidence suggests that vitamin D deficiency during pregnancy raises the
risk of several adverse events, complicating pregnancy through placental processes, immune adaptation, endothelial
dysfunction, and angiogenic imbalance. Vitamin D supplementation during pregnancy may be a safe and accessible
way to reduce the risk of adverse maternal and fetal outcomes. Adequate sun exposure, a diet rich in vitamin D, and
physical activity should be considered as primary steps to prevent deficiency, while vitamin D supplements may be
recommended for women with confirmed severe deficiency.

Key words: vitamin D, vitamin D deficiency, preeclampsia, placenta, immune system, endothelial function,
angiogenic balance, literature review.
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